We report a case of inadvertent intravenous administration of enteral feed, a very rare but potentially life-threatening complication of enteral feeding. Bacterial contamination of feed results in a severe septic response that requires broad-spectrum antibiotic cover and aggressive organ support. The failure of measures aimed at prevention of this complication must be investigated, and practice changed to ensure that further incidents are avoided.
Inadvertent intravenous administration of enteral feed was first described in the 1970s 1 and sporadic case reports continue to appear in the literature [2] [3] [4] [5] [6] [7] [8] [9] [10] . We describe a recent case and analyse the cause of this error. We review the possible pathophysiology and discuss treatment and outcome.
CASE REPORT
A 41-year-old male intravenous drug abuser was initially admitted to the Intensive Care Unit (ICU) with staphylococcal septic shock secondary to mitral valve endocarditis for which he underwent a mitral valve replacement. His seven-week stay on the ICU was complicated by the development of nosocomial pneumonia, deep vein thrombosis, extensive pressure sores and critical illness polyneuropathy.
Four weeks after ICU discharge the patient required readmission to ICU following the accidental intravenous administration of 300 ml of enteral feed (Isocal ®, Mead Johnson Nutritionals, Evansville, IN, U.S.A.) over 45 minutes via a central venous cannula. The patient's nasogastric tube had a Luer-Lok compatible hub. The enteral feed tubing was a commercially available system with a tip that was not compatible with the Luer-Lok system. To allow feed administration the two systems were therefore con-nected by means of a short piece of rubber tubing bridging the connectors. This rubber tubing was accidentally attached to the patient's central venous line.
Following the incident the patient was found by the ward staff to be hypotensive and hypoxic; arterial oxygen tension on air was 8.25 kPa (63 mmHg). On clinical examination he was fully conscious, pyrexial with warm peripheries and bilateral crackles on chest auscultation. Examination was otherwise unremarkable apart from sacral sores and signs compatible with critical illness neuropathy. Chest X-ray revealed only minor air space opacification in the left upper lobe.
With aggressive ventilatory and haemodynamic support the patient's clinical condition rapidly improved, by the second day he was breathing spontaneously, and by the third day inotropes were discontinued. During the ICU course renal function was maintained, bilirubin was briefly elevated in the first 72 hours only and there were no neurological sequelae. He developed low-grade disseminated intravenous coagulopathy without bleeding complications. Transoesphageal echocardiography showed no evidence of valve vegetations. The patient's clinical course in ICU is plotted schematically in Figure 1 .
Culture of the enteral feed grew bacillus ssp, Enterococcus faecalis, Leuconostoc spp and Streptococcus equinus. Blood cultures taken on admission grew Proteus mirabilis, Enterococcus faecalis, Enterococcus avium, Staphylococcus epidermis, Enterobacter cloacae, Chryseobacterium meningosepticum and Flavobacterium indologenes. The patient was treated with imipenem and netilmicin in addition to continuing vancomycin for the pre-existing endocarditis.
The patient was discharged back to general ward on day 5. He slowly improved and was discharged to a convalescent hospital nine weeks later.
DISCUSSION
This incident should never have occurred. Incompatible systems are incompatible for good reason and should not be adapted. Critical incidents in medical care can be attributed to both system-based and human errors. Although human error (the connection of nasogastric feed to an intravenous line) did occur in this case, it did so only because of a systembased error (the acceptance of deliberate modification of two incompatible connectors to allow connection). In the light of this case our ICU has developed a policy that forbids the use of nasogastric tubes with Luer-Lok hubs. Table 1 summarizes all cases of accidental intravenous administration of nasogastric feed reported in the last 20 years. Most present with a similar picture of shock and pyrexia which are likely attributable to sepsis resulting from bacterially contaminated enteral feed. In addition, hypersensitivity to protein constituent components of the feed may contribute to the observed systemic inflammatory response.
Malone 11 documents severe back pain in association with the intravenous enteral feed analogous with transfusion reaction hypersensitivity. As with our case, some cases report hypoxaemia as part of the presenting clinical picture. Although fat embolism is a theoretical consequence of intravenous enteral feeding, respiratory function improved rapidly in our patient and the chest X-ray was unremarkable, suggesting that fat embolism did not occur to a significant degree. The initial hypoxaemia was possibly due to pulmonary shunting related to septic shock which improved with adequate resuscitation. Table 1 demonstrates that overall, the early outcome for patients inadvertently given enteral feed intravenously is good. Only one patient died, from causes unrelated to infection 10 .
A wide range of organisms was cultured from those patients in whom feed and blood culture results were available. Our specimens also grew a variety of organisms. Treatment must include aggressive organ support and, in addition, broad-spectrum antibiotic therapy that ultimately should target all organisms isolated from feed and blood cultures. Ong 3 described the use of plasmapheresis in an attempt to remove foreign antigens and toxins, although in our case, as with most others, the natural course was short-lasting with appropriate supportive and antibiotic therapy, and without plasmapheresis.
In summary, intravenous administration of enteral feed continues to occur as a result of errors, both human-and system-based. With adequate supportive therapy and broad-spectrum antibiotics the clinical outcome is usually good. Although staff education alone might prevent a repeat occurrence of this incident, system practice must also change: In a case reported by Burdon it was the patient himself who connected enteral feed to his own peripheral line 12 . 
